Atmospheric aerosol can have an impact on the climate through direct and indirect radiative forcing and cause air quality problems to harm human health [Charlson, R.J., et al. 1992]. Many scholars have made a lot of contributions to aerosol concentration analysis, but the analysis of chaotic aerosol concentration time series is always unable to perfectly solve the inherent randomness brought by complicated dynamic behaviors [Abarbanel, H.D.I, 1996]. This research has established the aggregation and dispersion states of aerosol optical thickness in fixed region and fixed time period by calculating spatial statistics of value-containing pixels in remote sensing images. And it has also analyzed the process of this state which is influenced by several meteorological factors. This kind of aggregation and dispersion is a conceptual method of spatial statistics in geography. The research compares the aerosol AOD value and its distribution area in the atmosphere from the signal frequency and utilizes the methods of nonlinear analysis and wavelet analysis to solve for its state transition characteristics at a regular point in time. Then the aerosol state transfer process is unfolded in space to analyze the interaction between the sequential meteorological factors and the aerosol state transfer process, as well as the comparison of the differences and similarities between the aerosol state transfer process in urban areas and non-urban areas. The research can not only provide theoretical foundation for pollution warning on the basis of long time series but also provide a new idea for analyzing the nonlinear dynamic process of the atmospheric system, which is the analysis of the change process of the chaotic system by spatial deploy at a specific time point. The data used in this study include MODIS /terra and aqua MAIAC land aerosol optical Depth Daily products with a 1 km spatial resolution from
According to the daily mean, there are ten intrinsic mode functions. Overall, AOD value and aerosol area have a good correlation, and the correlation becomes more significant with the increase of time scale. Through comparison, it can be found that the aerosol AOD value and the aerosol area distribution have consistency on a large time scale, but based on the day or shorter time unit, the area distribution is affected by the atmospheric system to produce different aggregation and dispersion states. And at a fixed point in time, the fixed region is principally dominated by a type of aggregation and dispersion state. Setting days as the time scale, two constructed sets of time series are carried out on wavelet decomposition and singularity analysis. The singularity of general signal can be divided into two cases: 1. At a certain moment, the amplitude of the signal mutates, causing incontinuity of the signal, and this type of mutation is called the mutant site of the first type; 2. The signal appearance is very smooth and the amplitude is not mutated. However, the first-order differential of the signal is mutated and the first-order discontinuity occurs, this kind of mutation is called a second type of mutation point [konglinjun,et.al.2014 ] Statistics obtained 245 first-class mutation points and 134 second-class mutation points of aerosol concentration from 2015 to 2017. From 2015 to 2017, there were 271 first-class mutation points of the aerosol area distribution and 114 mutation points of the second class. The change of aerosol concentration dominated the change of area distribution through first-class mutation points, and multiple mutation of area distribution can occur in the concentration mutation interval. In the second-class mutation, the trend information of two sets of sequences is included. There are 87 state transition points of aerosol variation area distribution from 2015 to 2017. On the basis of the singularity analysis of wavelet, the changes of two sets of sequences at different frequencies can be observed. When they have same first-class mutation points but different in second-class points, it shows that the change of aerosol area distribution at this time point is influenced by other factors and the state changes occur. The spatial model of aerosol state transition was constructed based on the superposition of Moran index and meteorological vector field. Then, the Qualitative analysis of the state transition types and processes of aerosol spatial distribution was conducted, the states were divided into three categories: aggregation trend, dissipation trend and random distribution trend. Using the Quantitative method, the influence of four meteorological factors of temperature field, wind field, precipitation and humidity on each aerosol spatial state transition point were distinguished. From the perspective of process variation, the state transition process was still a nonlinear process, but the changing process of wind field and precipitation field totally dominated the state transition process of aerosol, which could transform the random distribution state into the aggregation state and then dissipate state in the wind field with the change of wind power. While the occurrence of precipitation could randomly remove aerosols in the precipitation area, in general, aerosol aggregation requires the meteorological support of low pressure, weak wind field and strong humidity. The dissipation of aerosol occurs with the occurrence of strong wind field and precipitation. In the research, the process of aerosol state transfer has been deeply analysed qualitatively and quantitatively from the aspects of law, cause and interaction between urban spaces. A theoretical model of state transition process discriminance has been constructed and verified by experiments. In terms of time distribution, the overall aerosol quantity from 2015 to 2017 in this region increased, and the distribution of state transition points shows more and more winter centralized tendency, which indicates that the pollution situation in this area is increasingly more closely related to the human activities, and the meteorological factors intensify the concentrated outbreak of polluted weather. In space, we found that aerosol aggregation process was more likely to occur in urban areas than in non-urban areas, but coequally, it was also more likely to dissipate after the aggregation process than in non-urban areas. The primary cause is the frequent heat exchange of underlying surface in urban areas, which accelerates the heat exchange and air flow in turbulent processes. Meanwhile, we calculated the influence range of urban atmospheric boundary layer through the scope of urban aerosol in the state process, and proved that the urban boundary atmosphere is isolated and it affects the aerosol exchange process with non-urban areas.
